Abstract. Mixed-species foraging flocks in northeastern Mexico are large, diverse, and include Neotropical migrant and resident species. I characterized the species composition and social organization of mixed-species flocks in four habitats of the El Cielo Biosphere Reserve during the winters of 1993-1995. Thirty-seven percent of all species found in the Reserve participated in mixed-species flocks, including 16 migrant species. Flocks in the dry pine-oak forest had more migrant individuals than flocks in the humid oak-pine/cloud forest or tropical semi-deciduous forest, but flocks in the tropical semi-deciduous forest had more migrant species than resident species. Migrant species rarely have been reported as nuclear species that attract other species to the flock and maintain flock cohesion, yet both Ruby-crowned Ringlet (Regulus calendula) in the dry pine-oak forest, and Blue-gray Gnatcatcher (Polioptila caerulea) in the tropical semi-deciduous forest, are migrant species that behaved as nuclear flock species. Bridled Titmouse (Parus wollweberi) and Crescent-chested Warbler (Vermivora superciliosa), Mexican resident species, were nuclear species in the dry pine-oak forest and the humid oak-pine/cloud forest, respectively. I found that Rubycrowned Ringlet and Crescent-chested Warbler were follower species (species that occurred regularly in flocks but did not behave as nuclear species) in habitats where they were not nuclear species, indicating that the social role of a species within a flock may depend on habitat, resource availability, species density, or the other species present in the mixedspecies flock. Resumen. Las parvadas forrajeras de especies mixtas, que se presentan en el noreste de Mexico son grandes y diversas, e incluyen especies residentes y migratorias neotropicales. Las parvadas de especies mixtas presentes en cuatro habitats diferentes en la Reserva de la Biosfera "El Cielo" fueron estudiadas para determinar su composicidn especffica y su organizaci6n social, durante 10s inviemos de 1993 a 1995. El 37% de todas las especies encontradas en la Reserva forman parte de las parvadas de especies mixtas, incluyendo 16 especies migratorias. Las parvadas en el bosque seco de pino-encino presentaron mayor ntimero de individuos migratorios que las parvadas de1 bosque hdmedo de encino-pino, de1 bosque mesofilo de montafia o el bosque tropical subcaducifolio, sin embargo las parvadas de este tiltimo habitat tuvieron mas especies migratorias que residentes. Las especies migratorias han sido raramente reportadas coma especies nucleo de las parvadas. El Reyezuelo Sencillo (Regulus calendula), en bosque seco de pino-encino, y la Perlita Grisilla (Polioptila caerulea), en bosque tropical subcaducifolio, son especies migratorias que se comportan coma lideres de las parvadas. El Paro Embridado (Parus wollweberi) y el Chipe Cejiblanco (Vermivora superciliosa), son especies mexicanas residentes que se comportan coma espeties nucleo en el bosque seco de pino-encino y en el bosque htimedo de pino-encino/bosque mesdfilo de montafia respectivamente. Se encontro que el Reyezuelo Sencillo y el Chipe Cejiblanco se comportaron coma especies seguidoras, es decir que son especies que regularmente se presentan en las parvadas pero no se comportan coma especies nticleo, en habitats donde no eran especies nucleo, indicando que el papel social de una especie dentro de una parvada puede depender de1 tipo de habitat, la disponibilidad de recursos, la densidad de la especie, o de otras especies presentes en las parvadas de especies mixtas.
INTRODUCTION
Mixed-species flocks commonly occur in the Neotropics during the nonbreeding season (Powell 1985), but the composition and structure of these flocks vary widely among different regions and habitats. Studies of marked flock members in permanent understory flocks reveal the complex social structure and cohesion possible in heterospecific groups, with some species defending common territories against conspecifics in neighboring flocks in Peru (Munn and Terborgh 1979) . Other permanent flocks in Costa Rica have a consistent species composition but include a variety of individuals of each species at different times, depending upon the location of the flock relative to territory boundaries (Powell 1979 , Munn 1985 . Permanent mixed-species flocks mostly consist of resident species that defend territories and participate in the same flocks throughout the year, although time spent with the flock varies between breeding and nonbreeding seasons. Most members of these permanent, highly organized flocks are insectivores; frugivores tend to form larger, less stable aggregations that are centered around an abundant resource (Powell 1985) . In the West Indies and Mexico, flocks consist of both migrant and resident species (Hutto 1987 Although mixed-species flocks are variable in occurrence, composition, and organization in different geographical areas, flocks that remain together usually have one or more nuclear species that act to attract other species to the flock and maintain flock cohesion. Typically, mixedspecies flocks have a subset of species that are regular flock members, or core species. The core species are present in most flocks as nuclear or follower species (Buskirk et al. 1972 , Munn and Terborgh 1979 , Powell 1979 ). Other species occasionally are seen in flocks and may join flocks only under certain circumstances such as flock presence in a territory; these species are joiner species.
Most flocking species remain nuclear, follower, or joiner species in mixed-species flocks regardless of habitat or geographical area (Munn and Terborgh 1979, Powell 1985) . In a classic study of mixed-species flocks in the northeastern United States, Morse (1970) found only one case of a species, the Black-capped Chickadee (Pm-us atricupillus), occupying a different social role within flocks among different geographical areas. Black-capped Chickadees became a "secondary leader" in Maryland because they often followed Tufted Titmouse (Pm-us bicolor), a "true leader," whereas Black-capped Chickadees in Louisiana were classified as "true leaders" with Tufted Titmouse.
To better understand why some species forage in mixed-species flocks and the influence of flock composition on the social roles of species within a flock, I initiated a large-scale study of mixed-species flocks in three habitats in the El Cielo Biosphere Reserve in northeastern Mexico. Within one geographical area, the distribution of migrant and resident species varies among habitats (Gram and Faaborg I studied mixed-species flocks in tropical semideciduous forest, humid oak-pine/cloud forest, and dry pine-oak forest in the El Cielo Biosphere Reserve, located in Tamaulipas, Mexico (23"15' N, 99"5O' W), along the slopes of the Sierra Madre Oriental mountain range (see Gram and Faaborg 1997 for a detailed description of the study sites). Although I independently collected data on flocks in humid oak-pine forest and cloud forest, I combined data from flocks at these two habitats because the flocks were not different in composition, the habitats were structurally very similar (Gram 1996) , and the rough terrain in both habitats prevented large sample sizes from either habitat.
FLOCK COMPOSITION
I studied flocks from December 1993 to February 1994, and during February 1995 in the four primary habitats in El Cielo. Flocks were locat-ed by walking a transect through the forest. When a bird was detected, I and my field assistants recorded the social context (alone, species pair, monospecific flock, mixed-species flock) and foraging behavior of each bird. A mixedspecies flock was delined as two or more birds of more than one species within 10 m of each other and moving together in the same general direction. Once a mixed-species flock was found, we followed it until we lost the flock, or we collected foraging data on all of the individuals, approximated from the total number of foraging observations per species and the number of individuals per species. Composition of the flock was determined from participant lists, including the species and number of each species present, that we generated every 15 min while following a flock. We kept qualitative notes on species that remained with the flock for short periods of time or appeared to move independently of the flock. On average, we followed flocks for 2-3 hr in the dry pine-oak forest, where there was high visibility, and for 30 min to 2 hr at all other sites where the vegetation and topography limited continuous observation. Although birds in the flocks were not marked, we mapped the flock location as we followed it and we did not collect foraging data from the same areas more than once each winter.
To compare the composition of mixed-species flocks among tropical semi-deciduous forest, humid oak-pine and cloud forest combined, and dry pine-oak forest, I calculated the mean number of species and individuals for each flock from the participant lists. The grand mean numbers of species and individuals per flock for each habitat were then calculated from the flock means. To test for differences among habitats, I compared species and individual means among the three habitat types with analysis of variance (ANOVA) and Duncan' s multiple range test, after log-transforming the data to equalize variances. I also compared migrant and resident participation in mixed-species flocks to the overall distribution of individuals and species in each habitat as determined from point-count surveys (see Gram and Faaborg 1997 ) to evaluate whether flocks were a random assortment of the birds at a site.
SOCIAL ROLES WITHIN THE FLOCK
The role of a species in a flock was determined quantitatively by whether it was intraspecifically gregarious, and its regularity of occurrence, and qualitatively by whether it was followed by other species more often than it followed others, the presence of conspicuous plumage or behavior, and its tendency to remain with and follow a flock continuously. A nuclear species was defined as a species that was intraspecifically gregarious ( Migrants averaged 4.26 species per flock across all habitats with no significant differences in species richness among habitats, whereas residents averaged significantly fewer species per flock in tropical semi-deciduous forest than in dry pine-oak forest or humid oak-pine/cloud forest (Table 1 ). The mean number of resident species per flock was significantly different than the mean number of migrant species per flock in the tropical semi-deciduous forest (t3* = 2.13, P < 0.05) and the dry pine-oak forest (& = 2.32, P < 0.05); we found more resident species in the dry pine-oak forest and more migrant species in the tropical semi-deciduous forest. Conversely, Gram and Faaborg (1997) reported more migrant species in the dry pine-oak forest and more resident species in the tropical semi-deciduous forest when evaluating the general distribution of species (not limited to flocks) in these habitats.
The dry pine-oak forest had significantly more migrant individuals per flock than flocks in the tropical semi-deciduous forest or humid oak-pine/cloud forest, and the tropical semi-deciduous forest had significantly fewer resident individuals per flock than the dry pine-oak forest or humid oak-pine/cloud forest ( Table 1) occupied by a core species and all the flocks in a habitat were not significantly different (all ttests, t22_82 < 0.82, all Ps > 0.40), indicating that species were not attracted to flocks of a particular size. Both Ruby-crowned Kinglet and Blue-gray Gnatcatcher were seen in 100% of the flocks in dry pine-oak forest and tropical semi-deciduous forest, respectively, and Bridled Titmouse and Crescent-chested Warbler were seen in over 80% of the flocks in dry pine-oak forest and humid oak-pine/cloud forest, respectively (Table  2) . A highly regular occurrence in flocks and a mean abundance greater than three individuals per flock were criteria for a nuclear species, indicating that Ruby-crowned Kinglet, Bridled Titmouse, Crescent-chested Warbler, and Blue-gray Gnatcatcher were nuclear species in their respective habitats. These species also were frequently followed by other species, conspicuous in their behavior by constantly chipping, and remained with the flock continuously. Although Black-throated Green Warbler also was a highly regular flock participant in the humid oak-pine/ cloud forest (Table 2) , it was a follower species because it averaged only 1.5 individuals per flock, was rarely followed, did not exhibit conspicuous chipping behavior or flashy plumage, and remained with the flock continuously.
Ruby-crowned Ringlets also were found in flocks in tropical semi-deciduous and humid oak-pine/cloud forests but in fewer numbers and with less frequency (Table 2) ; in these habitats, Ruby-crowned Kinglets were follower species. Similarly, Crescent-chested Warblers were found in dry pine-oak forest, but they were follower species in hocks in this habitat. Within one geographical area, both Ruby-crowned Kinglet and Crescent-chested Warbler, a migrant and resident species, respectively, behaved as nuclear species in one habitat and follower species in other habitats.
The joiner species in each habitat were different and their frequencies of participation in flocks also varied (Table 3) . Of the 49 joiner species, 7 were migrants, including a woodpecker, a flycatcher, a wren, a thrush, 2 warblers, and a grosbeak (Table 3) What factors influence flock size and composition? Although mixed-species understory flocks in Costa Rica contain over 40 participating species, only 11-13 species are regularly seen in flocks that average less than 10 individuals (Powell 1979 (Powell , 1985 . Territorial constraints influence these permanent flocks by restricting flock composition to the individuals maintaining In Mexico, territoriality is not evident among core flocking species, but some joiner species, such as Hermit Thrush, Painted Redstart, and Greater Pewee (Contous pertinux), appear to defend winter territories and occasionally join flocks while the flock is in their territory. It is possible that the core flock species defend a large common territory, as Munn and Terborgh (1979) found with understory mixed-species flocks in Peru, but interactions between flocks were never seen in Mexico, and core flocking species were never observed in a flock area without a mixed-species flock. Flocks in all habitats regularly were seen in the same general area, following a similar path through the forest (pers. observ.), but, because birds were not individually marked, I cannot be certain that the same individuals in the same flocks were in the same place each day. My impression is that each flock has a home range, an area that is used consistently but not actively defended. The high proportion of apparently nonterritorial migrant species in mixed-species flocks in northern Mexico may promote these home ranges, which perhaps are ecologically equivalent to the actively defended territories of permanent understory flocks.
At El Cielo, nuclear species were represented by an average of three to nine individuals per flock (Table 2) 
